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reduce the capacity of ecosystems to cope with the effects of global change. Here we assessed 23 whether the distribution and survival of two declining relict plant species, Daphne rodriguezii 24
and Cneorum tricoccon, were affected by the mutualism disruption with their only seed-25 disperser and by climatic and habitat conditions. Due to the lack of data on demographic rates, 26
we used an indirect approach to test these hypotheses. We used presence-absence data as 27 response variables and took two distinct sets of predictors (i.e. habitat and topoclimatic 28 conditions), which were hypothesized to be the main determinants of the demographic rates 29 under question. With these two datasets we fitted species distribution models by means of 30
MaxEnt. Such models were later used to build Combined Species Distributions Models (CM). 31
For each plant species, these CM allowed evaluating the role of both climatic and non-climatic 32 factors, such as the mutualism disruption. Results showed that both climate and habitat 33 conditions determined the current distribution of the two species at a landscape scale. 34
Additionally, the mutualism disruption between C. tricoccon and its native seed-disperser 35 affected plant distribution, moving it to areas where a new alien disperser was present. This 36 alien disperser modified the pattern of habitat selection by plants in terms of habitat quality, 37 reducing their presence in suboptimal areas, which might be the determinant for their survival. 38
Our findings highlight the need of a better understanding of the role of mutualisms within 39 natural communities in order to undertake appropriate conservation actions on threatened plant 40 2006), we randomly subsampled our data up to the distance between points so that the Monte 227
Carlo simulation significantly showed no spatial autocorrelation. Even with this, our models 228 might still be overestimated because of some degree of dependence of the presence records. 229
Page 10 of 29 A c c e p t e d M a n u s c r i p t 10 However, this is the best tool available so far and the more commonly used (Bahn & McGill 230 2013) . 231
Analogously, we also constructed SMs for D. rodriguezii. As we had few presence records for 232 this species, it was not possible to separate data for training and testing the model. Thus, in this 233 case we used a jackknife approach to assess the significance of the model, as described by 234
Construction of Combined-Models (CM) 241
The second step in our modelling process was building the CM for every plant species by 242 combining the two SMs and reclassifying grid-cells into four categories depending on 243 topoclimatic and habitat suitability ( areas, where seeds could arrive but their long-term survival was difficult); and, finally, (4) 250 "Unsuitable sites", where both topoclimatic and habitat models predicted low suitability (sink 251 sites, which means that it would be unlikely to find the plant species there). Categories 2 and 3 252 can be collectively referred to as "Moderately Suitable sites". 253
To formally assess the accuracy of the two CM, it would have been ideal to have independent 254 presence data, and also expected dynamics such as recolonization of suitable areas (Mladenoff, 255
Page 11 of 29 Nevertheless, all records, including those four considered extinctions, were used to calculate the 259 relative frequency of presence points in each of the four categories and to fairly validate the two 260
CMs. 261

Results
262
Single-Models for C. tricoccon 263 We obtained one final SM based on topoclimatic variables (Cneorum-CLIM) and one final SM 264 based on habitats features (Cneorum-LAND). In a first attempt, we used the data set with all the 265 presence records, but they showed significant spatial autocorrelation. Hence, in order to restrict 266 spatial autocorrelation keeping the maximum number of presence records, we randomly 267 selected 82 points for Cneorum-CLIM (3 km minimum separation) and 44 points for Cneorum-268
LAND (5 km minimum separation). 269
Cneorum-CLIM showed 90.5% and 89% prediction success for test and training records, 270 respectively, and the AUC test indicated fair performance (AUC test = 0.788 ± 0.026). Residuals 271 of the model showed no significant spatial autocorrelation (Mantel correlation test: -0.037; p-272 value=0.743). In the suitability representation of the binary model (Fig. 3B) , a clear pattern was 273 detected in Eivissa and Formentera, where the best conditions were given in the whole coastal 274 area, and also in Mallorca, where the main best zone coincided with the Tramuntana Mountains 275 and with the Western Coast. On the other hand, in Menorca, where the presence of C. tricoccon 276 is almost zero, only 3.48% of pixels were predicted as suitable (Fig. 2F) Figure A1 and Figure A2) . 284
Combined-model for C. tricoccon 285 After reclassifying the CM for C. tricoccon (Cneorum-CM), its graphical representation (Fig.  286   3A) showed different spatial patterns on each island. In Mallorca, Highly Suitable area tended 287 to be in the Tramuntana Mountains and in some cores in the eastern (Llevant Mountains) and 288 western coasts. A large part of the island, however, was predicted as Unsuitable (56.2%; Fig.  289 2F), mainly the central and southern areas. In Eivissa, Formentera and Cabrera, the pattern was 290 less clear and only 10.2% was predicted as Unsuitable. On the other hand, in Menorca only 2% 291 of surface was classified as Highly Suitable due mainly to the low topoclimatic suitability. 292
Comparing the predictions of the Cneorum-CM with the full set of observed presences (Fig.  293   2D) , we found that most of them were located in Highly Suitable (73.6%) and Moderately 294 Suitable (23.8%) sites. Only 2.6% of presence records were predicted as Unsuitable sites. 295
Furthermore, there was a larger proportion of observed records in Topoclimatically Suitable 296 sites than in the Suitable by Habitat category (16.2% vs. 7.6%, respectively). Additionally, three 297 of the four extinction records were located in suboptimal predictions (Fig. 2E) . 298
When considering the results separately by islands or group of islands, depending on the 299 identity and behaviour of the C. tricoccon seed-disperser (Fig. 2D) (Fig. 4B) showed a clear 320 pattern of suitable area at the northeastern coast and some small centres at the southern coast. 321
By contrast, Daphne-LAND (Fig. 4C) showed scattered small cores throughout Menorca, only 322 slightly related with no cultivated areas (see response curves and jackknife test provided by 323 MaxEnt in Appendix A: Figure A3 and Figure A4 ). Nevertheless, a small proportion of the 324 study area was predicted as suitable, both for topoclimatic and habitat conditions (10.5% and 325 12%, respectively; Fig. 2C) . 326 Overall, we found that both topoclimatic conditions and habitat determined plant distributions at 362 the landscape scale. Moreover, we also found that the plant-disperser interaction was able not 363 only to influence these distributions but also to modify the pattern of habitat selection by plants 364 in terms of habitat quality (i.e. optimal, suboptimal, unsuitable), which might be the determinant 365 for their survival. 
Combined-model for D. rodriguezii
